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of cAMP levels and excitation-contraction coupling under E-adrenergic stimu-
lation. However, the role of PDE4 is less clear in the heart of large mammals, 
where PDE3 is thought to be the major PDE. The goal of this study is to cha-
racterize the respective contribution of PDE families to cAMP hydrolysis and 
EC coupling in dog ventricle and to determine whether regional differences 
exist. Myocytes were simultaneously isolated from the left (LV) and right ven-
tricle (RV) of 5 beagle dogs. LV and RV myocytes were infected with an ade-
novirus encoding the cAMP FRET sensor Epac2camps. Speci¿ c inhibition of 
PDE2 with Bay 607550 (Bay, 100 nM), of PDE3 with cilostamide (Cil, 1 M) 
or of PDE4 with Ro 201724 (Ro, 10 M) had no effect on basal cAMP levels 
whereas concomitant inhibition of PDE3 and PDE4 had a strong effect (LV: 
19.6±5.6%, n=11. RV: 15.9±3.7%, n=16, p<0.001) similar to that of the non 
selective PDE inhibitor IBMX (100 M, LV: 26.0±3.1%, n=12; RV: 24.8±4.1%, 
n=13, p<0.001). Application of the non selective E-AR agonist Isoprenaline (Iso, 
100 nM) during 15 s elicited a transient increase in cAMP that was 1.9 fold 
higher in RV (n=30) compared to LV (n=35, p<0.001). Speci¿ c inhibition of 
PDE2, PDE3 or PDE4 signi¿ cantly prolonged the response to a brief Iso appli-
cation in myocytes from both LV and RV. These results show that in dog heart 
i) differences exist in [cAMP]i generated by E-adrenergic receptor stimulation 
between RV and LV and ii) PDE2, PDE3 and PDE4 contribute to the degrada-
tion of cAMP generated by E-adrenergic receptor stimulation. 
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Phosphatases are as important as kinases for the regulation of cellular acti-
vities. In cardiac myocytes, the major Ser/Thr phosphatases (PPs) that oppose 
the action of PKA are PP1, PP2A and PP2B. Here we examined the contri-
bution of these PPs to the regulation of PKA activity in the cytoplasm and in 
the nucleus by using the FRET-based A-kinase activity reporter (AKAR) tar-
geted to these compartments. We show that in response to maintained stimu-
lation of E-adrenergic receptors (E-AR) by isoprenaline (Iso, 1 M), AKAR 
phosphorylation by PKA is ten times faster in the cytoplasm than in the nucleus. 
Consequently, a pulse stimulation of E-ARs by Iso (15 s, 100 nM) strongly acti-
vates PKA in the cytoplasm but marginally in the nucleus. Similar results were 
obtained when measuring the phosphorylation of endogenous PKA substrates 
located in these compartments, myosin-binding protein C (MyBP-C) and the 
transcription factor CREB. In the presence of calyculin A (1 PM), an inhibitor 
of PP1 and PP2A, the kinetics of AKAR dephosphorylation were greatly slowed 
in response to Iso pulse (t1/2 off=419.1±29.2 s, n=18 versus 98.1±6.1 s, n =35, 
for Iso alone). This effect was not observed with cyclosporin A (5 PM), an inhi-
bitor of PP2B. Inhibition of PP1 by inhibitor 1 (I-1) potentiates the response to 
Iso (t1/2 off =150.2±11.6 s, n= 14) but this effect is modest compared to caly-
culin A. This suggests that PP2A plays an important role in the termination of 
the E-AR response in the cytoplasm. In the nucleus, inhibition of PP1 by I-1 
potentiates considerably the response to Iso (100 nM, 15 s): the FRET signal 
measured with the nuclear probe increases signi¿ cantly from 2.5±0.5% with Iso 
alone (n=31) to 16.1±2.3% in the presence of I-1 (n=25). Preliminary results 
from western blot indicate that I-1 potentiates CREB phosphorylation by Iso. 
This indicates that PP1 plays an important role in regulation of nuclear PKA 
activity and contributes to the dephosphorylation of CREB.
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Sudden infant death syndrome (SIDS) refers to the death of an infant less 
than 1 year of age that remains unexplained after rigorous case investigation. 
The present study aimed to seek biological abnormalities in the peripheral 
vago-cardiac system in SIDS victims.
Left ventricular samples and blood samples were obtained from autopsies 
of SIDS victims (n=9) and children deceased from non cardiac causes (control 
group, n=11). Muscarinic receptor density was assessed in cardiac tissues 
using radioligand binding experiments with [3H]NMS, a selective muscarinic 
receptor ligand. Acetylcholinesterase (AchE) enzyme activity in erythrocytes 
was assayed colorimetrically.
The muscarinic receptor density in the heart of SIDS victims was more 
than double that found in samples from children who died from other causes 
(171.0±95.3 vs 74.5±21.5 fmol mg-1 protein). Of note, muscarinic receptor den-
sities were above control in 8 out of 9 SIDS samples. Average erythrocyte AchE 
activity was also signi¿ cantly increased in SIDS victims (5.8±1 vs 4.6±1 units 
mL-1 erythrocytes). Looking at the evolution of cardiac muscarinic density and 
AchE activity with age in SIDS compared to controls, it appeared that (i) most 
differences between the two groups occurred before the age of 5-7 months and 
(ii) the larger the alterations in vagal regulation, the earlier the age of death.
The present study showed an overexpression of muscarinic receptors in 
cardiac tissues from SIDS. In addition, AchE was upregulated in SIDS, which 
may appear as an attempt to oppose the increased muscarinic receptor density 
in order to maintain the sympatho-vagal balance. This is the ¿ rst demonstra-
tion of a peripheral vago-cardiac disorder in SIDS. It suggests that cardiac 
muscarinic receptor overexpression may represent a biological vulnerability 
to SIDS, and as such, it opens the way to a possible identi¿ cation of infants 
at risk of sudden death.
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Four main families of phosphodiesterases (PDEs) can degrade cAMP in 
cardiac cells: PDE1, PDE2, PDE3 and PDE4. Previous studies have demons-
trated that PDE4 is dominant in rodents, and acts as a major negative regulator 
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Adenosine is considered as a pivotal regulator of the developing car-
diovascular system and its concentration can signi¿ cantly increase under 
hypoxia. Whether an adenosinergic stimulation is anti- or proarrhythmic in 
the embryonic/fetal heart remains controversial. Moreover, the role played by 
NADPH oxidases, ERK,  PKC,  or L-type Ca2+ channel (LCC) in adenosine-
induced cardiac disturbances is unclear. We aimed to investigate the effects 
of adenosine and speci¿ c agonists of the A1, A2a and A3 adenosine recep-
tors (AR) on atrial beating rate, conduction, arrhythmias and phosphorylation 
(P) of ERK.
Spontaneously beating hearts or dissected atria and ventricle obtained from 
4-day-old chick embryos were exposed to adenosine or speci¿ c agonists of 
A1AR (CCPA), A2aAR (CGS-21680) and A3AR (IB-MECA). Using ECG 
recordings, the functional consequences of blockade of LCC (verapamil), 
MEK/ERK (U0126), PKC (Ro 31-8220) and NADPH oxidase (apocynine or 
peptide gp91ds-tat) in combination with adenosine or CCPA, were investi-
gated. The temporal pro¿ le of ERK phosphorylation was also determined.
Within 5 minutes adenosine triggered atrial ectopy and 2nd degree atrio-
ventricular blocks (including Wenckebach) mainly through A1AR. Atrial 
rhythm and atrio-ventricular propagation fully recovered after 60 min. 
Adenosine induced arrhythmias in atria but not in isolated ventricle. After 
5-10 minutes, adenosine and A1AR agonist transiently increased P-ERK. By 
contrast, A2aAR and A3AR agonists had effect neither on ECG recording nor 
on ERK phosphorylation. Interestingly, the proarrhythmic effect of A1AR sti-
mulation was markedly reduced by inhibition of NADPH oxidase, MEK/ERK, 
PKC or LCC. Moreover, NADPH oxidase inhibition decreased ERK phospho-
rylation induced by A1AR stimulation.
Thus, in the embryonic heart, pacemaking and conduction disturbances can 
be induced transiently through A1AR activation and downstream activation of 
NADPH oxidase, PKC, ERK and LCC.
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Pacemaker activity of the sino-atrial node (SAN) controls heart rate in eve-
ryday life. The pharmacological control of SAN pacemaking constitutes a 
promising strategy to manage ischemic heart disease. However, the mecha-
nism underling SAN pacemaker activity is not completely understood and, 
in particular, the physiological importance of the so called «membrane-deli-
mited ion channel» pacemaker mechanism and the «intracellular Ca2+ clock» 
pacemaker mechanisms is hotly debated. Here we describe a new mecha-
nism in heart rate regulation. We show that in SAN pacemaker cell, ryanodine 
receptor (RYR) dependent Ca2+ release is tightly controlled by L-type Cav1.3 
channels and that such a control is critical for both triggering diastolic Ca2+ 
release linked to membrane depolarization and by favoring the formation of 
whole-cell Ca2+ transients.
In isolated cell and tissue, the lack of Cav1.3 channel cause a decrease 
of almost 50% in transient frequency in control condition and after stimu-
lation of E-adrenergic pathway by Isoproternol (ISO). Similarly Cav1.3 KO 
cells show a decrease of two-threefold in the generation of local Ca2+ release 
in both conditions. Furthermore in Cav1.3 KO cells an increase of 75% in 
Ca2+ content inside the sarcoplasmic reticulum (SR) seems to be displayed 
by a spritz of caffeine 10mM. These results suggest that a normal re¿ lling 
of Ca2+ is maintained in Cav1.3 KO while relevant problem come during 
the RYR-dependent Ca2+ release, as a consequence of the Cav1.3 channels 
lack. Consistently with this view, normal pacemaking in Cav1.3-/- SAN iso-
lated cells and tissue could be observed only after direct activation of RYR-
dependent Ca2+ release by low doses of caffeine. Our results show for the 
¿ rst time that Cav1.3-dependent RYR mediated Ca2+ signaling has a pivotal 
role in pacemaker activity and identify a previously unexpected physiological 
mechanism in heart rate regulation. 
Extracellular nucleotides promote vascular constriction through cell mem-
brane P2 receptors. The effect of nucleotides on vascular smooth muscle 
P2X1 (ATP) and pyrimidine-sensitive (UDP, UTP) P2Y receptors allow 
their contractile effect and underlies some neurogenic response. Nucleotides 
concentration at cell surface is regulated by ectonucleotidases. We studied the 
contribution of the Nucleoside triphosphate diphosphohydrolase-1 (NTPDase1 
or CD39) in nucleotide dependent vasoconstriction and assessed the potential 
participation of purinergic signalling in myogenic tone.
Results: Using in situ histochemistry we found that NTPDase1 deletion 
(Entpd1-/- mice) results in a virtual absence of nucleotides hydrolysis in 
medial smooth muscle. This reduced hydrolysis unmasks a potent constrictor 
effect of UDP and UTP in conductance (thoracic aorta) and resistance (mesen-
teric) arteries. In addition, myogenic tone developing in response to increasing 
intraluminal pressure was exaggerated in Entpd1-/- arteries while it was dimi-
nished in P2Y6-/- but not P2Y2-/- arteries. The contractile effects of exoge-
nous uracyl nucleotides was totally abrogated in P2Y6-/- arteries.
Conclusion: Our data show that NTPDase1 regulates P2Y6 depen-
dant vasoconstriction and suggest that purinergic signalling may participate 
in resistance arteries autoregulation. The enhanced myogenic tone observed 
in Entpd1-/- arteries suggest the existence of an activation loops exerted by 
endogenously released nucleotides, probably through connexin/pannexin 
hemichannels, involving P2Y6 receptor activation.
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While L-type voltage dependent calcium channels have long been consi-
dered as the main source of extracellular calcium for vascular constriction, 
the role of T-type voltage dependent calcium channels (T-channels) has not 
yet fully elucidated in particular in pulmonary vasculature. T-channels are a 
sub class of voltage-gated calcium channels which are activated at low thres-
hold and inactivated rapidly. The aim of this study was to investigate roles of 
T-type Ca2+ channels in both rat intrapulmonary artery (IPA) contraction and 
smooth muscle cells (SMC) proliferation. Ring of IPA were mounted in organ 
baths in Krebs buffer. SMC from AIP were freshly dissociated for current 
measurement using a patch-clamp set-up or cultivated to study cell proli-
feration using a BRdU protocol. The T-type voltage-gated calcium channel 
antagonists mibefradil, pimozide, NNC 550396 and À unarizine (0.1-10M) 
blocked the KCl-induced constriction. These drugs are more powerful inhi-
bitors for low KCl concentrations (10-30 mM) than for high concentrations 
(>40 mM). As low KCl concentrations should induce a low depolarization that 
activates mainly T-type channels whereas high concentrations should activate 
T-type and L-type, these results con¿ rm that T-type channels are implicated in 
AIP contraction. Furthermore, inhibitory effect induced by these drugs is still 
present after incubation with an L-type channel inhibitor. These drugs also 
inhibited partially the serotonin induced contraction. Whole cell recordings of 
SMC showed low-threshold T-type channels on 15% of the cells, which were 
inhibited by mibefradil. Using PCR, we founded that two channel subtypes, 
Ca(v)3.1 and Ca(v)3.2, were expressed. T-type inhibitors also block SMC 
proliferation but at a higher concentration compared to the one required for 
contraction inhibition. Thus, T-type voltage-gated calcium channels are func-
tionally important for vasoconstriction in rat intrapulmonary artery.
0184
Adenosine A1 receptor stimulation is transiently arrhythmogenic via 
NADPH oxidase, ERK, PKC and L-type Ca2+ channel in the embry-
onic heart
Elodie Robin [Orateur], Jessica Sabourin, Rachel Benoit, Eric Raddatz
Université de Lausanne, Département de Physiologie, Lausanne, Suisse
▼ ▼
01_corpus_ok.indd   64 26/04/2011   15:50:14
